Retinal ganglion cells (RGCs) and their projections in the optic nerve offer a convenient model to study survival and regeneration of mammalian central nervous system (CNS) nerve cells following injury. Possible factors affecting the death of RGCs following axotomy and various approaches to rescue the axotomized RGCs are discussed. In addition, two main strategies currently used to enhance axonal regeneration of damaged RGCs are described. The first focuses on overcoming the unfavorable extrinsic CNS environment and the second concentrates on upregulating the intrinsic growth potential of RGCs. Thus, the failure or success of RGC axonal regrowth after injury depends on the complicated interplay between the extrinsic and intrinsic factors.
Introduction
Retinal ganglion cells (RGCs) in fish and amphibian can regenerate severed axons [1 -4] , whereas the RGCs in mammals fail to regenerate. It was generally believed that the lack of axonal regeneration in the adult CNS is due to insufficient trophic factors or neurite growthpermissive molecules [5, 6] and the presence of inhibitory molecules [7] in the CNS environment but recent evidence also suggests that the lack of intrinsic growth potential in the CNS neuron is also important [8] . The mammalian optic nerve offers a convenient experimental model for seeking the causes of failure of regeneration, since the somata and the myelinated axons of RGCs can be manipulated separately. While evidence exists to show that axotomized RGCs underwent an abortive regrowth response, [9 -14] such lesion eventually leads to substantial retrograde axonal degeneration and cell death of the lesioned RGC within the first few weeks [15, 12] . In order for axonal regeneration to occur, neuronal survival is a prerequisite and various ways to reduce cell death following axotomy have been used by different investigators. In addition, two main approaches are currently being used to enhance axonal regeneration of RGCs. One is to overcome the unfavorable extrinsic CNS environment and the lack of trophic factors and the other is to upregulate the intrinsic growth potential of the axotomized neurons. The present article is concerned primarily with these issues. We will first deal with responses of RGCs to axotomy; secondly, with enhancement of RGC survival and thirdly, enhancement of axonal regeneration of RGCs following damage.
Responses of RGCs to axotomy
When an axon is injured, the cell body goes through a series of changes which range from chromatolysis to the death of axotomized neurons [16] . In contrast to the restorative reaction of RGCs to axotomy of some lower species, including fish and amphibians [17] [18] [19] [20] , which relates to a much more impressive capacity of regeneration, optic nerve lesion in mammals usually leads to extensive RGC death. The present review will focus mainly on the retrograde changes in the axotomized rodent RGCs. The severity of cell loss caused by optic nerve injury in adult mammals varies from 50% to more than 90%, depending on the types of lesion, the proximity of the lesion to the eye and the age of the animals. The mechanism that initiates the cell body reaction, including neuronal death, is still unknown. One hypothesis is that the initiating event may involve retrogradely relayed signals from the injury site [21, 22] ; another is that the interruption of the axon prevents the access to the cell body of trophic factors normally emanating from the target or from glial cells along the axons [23, 24] ; a third is due to intrinsic cell mechanisms involving the expression of genes, which results in 'programmed' cell death [25, 26] . It has been demonstrated that during the period of rapid cell loss after optic nerve transection, some RGCs went through apoptotic cell death [27, 28] . Although the mechanisms by which axotomy activates apoptosis in adult RGCs remain to be elucidated, it is possible that deprivation of trophic factors as a result of optic nerve transection could lead to the expression of genes involved in 'programmed' cell death [29, 30] . Other causes of RGC death that have been suggested are related to the excitotoxic effects mediated by glutamate receptors and involve NOS and the production of free radicals [31 -33] .
Despite the drastic decline in RGC number within a few weeks after axotomy, the loss of RGCs in the retina is incomplete, even when all the axons in the optic nerve have degenerated. A small number of RGCs ( : 5 -10%) persisted 12 -15 months after optic nerve lesion [34] . There is some evidence to suggest that at least some of the persisting neurons are RGCs which survive despite axotomy [35, 15, 36] . Therefore, this small group of cells could represent a subpopulation of RGCs which might have different requirements for survival. Alternatively, these cells which persist after optic nerve lesion are sustained by the possible source of trophic support derived within the retina [37, 38] .
Time course of cell loss
During the first week after axotomy, there is little change in ganglion cell number or in axonal morphology proximal to the lesion following nerve crush [36] . This period also corresponds to the time when regenerative sprouts could be recognized at the proximal end of the cut optic axons [9, 12, 39] . The capacity to sprout may be as a result of the continuation of the normal synthetic [40, 41] and axonal transport processes [42] of the neuron during this initial period of axotomy. By the end of the first week, regressive changes become more rapid and prominent, especially with more traumatic lesions, e.g. nerve transection [15, 12] or lesions made in neonatal animals [35] . A substantial number of RGCs die abruptly after the first week, reducing the number of RGCs to less than 10% at the end of 2 weeks [34] . Thus, the initial responses of RGCs after axotomy can be divided into two phases: an early stage when most injured RGCs survive and the synthetic machinery of the cell are still active; followed by a subsequent period when many of the cells become vulnerable to intrinsic mechanisms capable of inducing cell death.
Effects of different sites of axonal injury
It is also found that different sites of lesion may influence RGC loss after optic nerve lesion. It has been observed that the losses of RGCs decreased with increasing distance of the lesion from the eye [34, 27] . This distance-related effect on the survival of the RGCs is consistent with the results from other neuronal systems, in which it was demonstrated that a greater proportion of the axotomized neurons die when the lesion is closer to the cell body [16, 43, 44] . This direct correlation between the survival of RGC and the length of optic nerve segment remaining attached to the eye may be due to the amounts of trophic support available in the optic nerve. Thus, it is possible that a longer optic nerve stump may contain a larger source of trophic substances from the non-neuronal cells to support a greater number of RGCs for survival. There is increasing evidence for the presence of growth factors and their receptors in glial cells of the PNS and CNS [45] [46] [47] [48] [49] . The presence of the mRNA for BDNF and NT-4 has been identified in the rat optic nerve and retina [50] . Both neurotrophins have been shown to enhance the survival of RGCs in 6itro [51] [52] [53] and in 6i6o [54, 55] . In addition, the high-affinity BDNF receptor trkB is present in the rat optic nerve and retina [50] and neurotrophic factors have been reported to be axonally transported along the optic nerve [56] [57] [58] . Thus, it is entirely possible, that following axotomy, if the expression of these molecules is maintained, or if the levels are even transiently upregulated in the lesioned optic nerve, it could temporarily sustain the axotomized RGCs after they are disconnected from their targets in the brain. These trophic molecules can also act on the cell bodies of RGCs directly, since a segment of optic nerve placed inside the vitreous body can transiently delay the death of RGCs following axotomy [59] .
There is a difference in the onset of RGC loss after optic nerve lesion near to and far from the eye. The latency of onset of RGC loss was longer in an intracranial than an intraorbital optic nerve lesion [34, 27] . One possible explanation is that they reflect the time required to retrograde transport an axotomyinduced signal from the end of the optic nerve stump to the neuronal cell body to trigger the molecular events which result in the death of many injured RGCs [21] . Furthermore, transection of optic nerve fibers at the level of the brachium of the superior colliculus resulted in a further reduction of cell death than lesion of the optic nerve intracranially [60] . This may be because most of the retinocollicular fibers project collateral to the lateral geniculate nucleus [61] .
Effects of different types of axonal injury
In contrast to the different onset of RGC loss after damage at different locations, the onset of RGC cell death is quite similar after either a cut or crush optic nerve lesion. However, there were differences in the number of surviving RGCs after these two types of lesions. The greater extent of RGC loss after the optic nerve cut is thought to be due to the presence of a larger necrotic zone of cytoplasmic and myelin debris and immigrating inflammatory cells at the proximal stump [15, 12, 62, 13, 14] . However, the presence of large numbers of macrophages appear to have paradoxical effects on optic nerve injury: on the one hand they support axonal regeneration [63 -66] by removing myelin debris known to inhibit axonal regrowth [67, 68] , but on the other hand they threaten the survival of RGC by producing harmful molecules [69 -71] . Therefore, the nature of macrophage involvement in healing injured CNS is still not well understood. Finally, the greater number of surviving glial cells at the proximal stump after optic nerve crush may provide a source of neurotrophic support which could account for the increased RGC survival after the crush injury [27] .
Although RGC loss after axotomy varies according to the nature of the lesion, the final outcome is the same, i.e. RGCs fail to regenerate long axons and re-establish functional connection with distant targets. It is evident that neuronal survival is an absolute prerequisite for axonal regeneration. However, these results suggest that loss of axotomized neurons from the retina probably does not account for the poor regenerative ability of the mammalian optic nerve, since some RGCs show a slow protracted degeneration following the lesion [36] . Nevertheless, the mechanisms leading to cell loss may be related to those that interfere with axonal regeneration, which could be a result of differential gene activities following injury. Some studies have shown that there is an upregulation of expression of growth-associated genes such as GAP-43 [72 -74] and immediate-early genes, like c-jun, after axotomy [75] [76] [77] . On the other hand, expression of tubulin mRNA is downregulated in axotomized rodent RGCs [78] .
Enhancement of RGC survival after axotomy
Interruption of RGC axon invariably causes widespread changes in the structure and function of the injured cell body, resulting in a rapid and total degeneration of the RGCs. Therefore, in order for axonal regeneration to occur, it is paramount to promote RGC survival after axotomy. Several attempts have been made to enhance the survival of axotomized RGCs and they can be summarized in the following categories: (1) neurotrophic factors; (2) grafting and coculturing with target; (3) peripheral nerve grafts; (4) implanting purified sheath cells; (5) microglia-suppressing factors; and (6) transgenic mice overexpressing Bcl-2.
Neurotrophic factors
It has been demonstrated that exogenous application of neurotrophic factors can ameliorate the effects of axotomy in a wide range of both the developing and mature CNS and PNS neurons [25, [79] [80] [81] [82] [83] [84] . In studies of the visual system, it has been recently shown that neurotrophin NT-4/5 significantly reduced naturally occurring RGC death in neonatal rats [85] . Other studies have also reported that a variety of neurotrophic factors, applied either intraocularly or at the end of the optic nerve, can enhance the survival of RGCs from adult rodents during the early stages after injury. These factors include brain-derived neurotrophic factors (BDNF; [51, 86, 55, 87, 88] ), NT-4/5 [53, 88] , nerve growth factor (NGF; [89, 90] ), ciliary neurotrophic factor (CNTF; [86, 87] ) and acidic and basic fibroblast growth factors (aFGF and bFGF; [91, 92, 87] ). The results from these experiments demonstrated that (i) a combination of factors is more effective than a single component and (ii) enhancing effects of the neurotrophic factors are only partial or temporary without establishment of contact with the target.
Grafting and coculturing with target
Implantation or coculturing of fetal CNS target tissues has been reported to protect both neonatal and adult RGCs from axotomy-induced cell death [93, 94] . The axotomy-induced cell death is thought to be caused by interruption of the continuous retrograde flow of essential neurotrophic factors from the target to the cell body. It is reasonable to speculate that the enhancement is due to the presence of appropriate neurotrophic substances (e.g. BDNF) in the targets [51, 95, 96] .
Peripheral ner6e grafts
It has been found that transplants of peripheral nerves (PN) into the retina [97] or to the optic nerve [98] can promote the survival of injured RGCs. In addition, these experiments have also shown that PN graft can delay the onset of RGC death after retinal lesion [97] and prevent axonal degeneration of the optic axons inside the retina for 6 and 9 months after optic nerve lesion [98] . Moreover, the use of precrushed or 'conditioned' grafts significantly enhanced RGC survival, as compared with normal grafts [99] suggesting that the functional status of the grafted nerves can influence RGC survival. In contrast to the survival promoting effect of PN when grafted in the retina or at the end of a transected optic nerve, an intravitreal PN graft induces extensive sprouting of axotomized RGCs [100, 101] . In addition, recent study has shown that an intravitreal optic nerve graft can enhance the survival of the axotomized RGCs [59] .
Implanting purified sheath cells
The promoting effect of PN graft on the survival and regeneration of CNS neurons is presumed to be due to non-neuronal cells (Schwann cells and fibroblasts) in the nerve. Suspensions of Schwann cells, injected intraocularly, can promote the survival of a large number of RGCs as long as 9 and 14 weeks after optic nerve transection [102] . Recently, it was shown that intraocular transplant of fibroblasts also promotes the survival of rat RGCs after axotomy [103] . It has been suggested that invading fibroblasts in the lesion site may provide physical and perhaps molecular support for neuronal survival and axon growth [104] .
Microglia-suppressing factors
Injection of macrophage inhibitory factor (MIF) into the vitreous of the eye during and after transection of the optic nerve resulted in significant retardation of death of RGCs following axotomy [71] . This effect was correlated with a reduction of microglia in the injured retina. It was postulated that the retinal microglial system might play a key role in recognizing and eliminating axotomized RGCs.
Transgenic mice o6erexpressing Bcl-2
Bcl-2 is a powerful inhibitor of apoptotic cell death and apoptosis has been documented in some axotomized RGCs [27, 28] . Maffei and his colleagues have shown that over 70% of axotomized RGCs in mice overexpressing Bcl-2 can survive for at least 3.5 months [105] . This study demonstrates that long-term survival of damaged RGCs can be achieved by upregulating the expression of the human oncoprotein Bcl-2.
Enhancement of axonal regeneration of RGCs
There are currently several approaches to enhance axonal regeneration of RGCs in mammals following damage: (1) neutralization of myelin-associated neurite growth inhibitors in optic nerve; (2) removal of oligodendrocytes and myelin using X-irradiation; (3) transplantation of activated macrophages to the optic nerve; (4) transplantation of peripheral nerve; (5) perineuronal application of trophic factors and (6) upregulation of the expression of growth-associated genes. The first four focus on changing the extrinsic environment of the CNS, whereas the last two concentrate on enhancing the intrinsic growth potential of the RGCs.
Neutralization of myelin-associated neurite growth inhibitors in optic ner6e
The presence of membrane-bound neurite growth inhibitors such as NI-35/250 has been shown to be critical in limiting the regenerative ability of damaged CNS axons, including the retinal axons [7] . The NI-35/ 250 molecules are detected on the matured oligodendrocytes and myelin. The distance of regenerated optic axons in young rats (postnatal days 16-19) treated with monoclonal antibodies (IN-1) against the myelin-associated neurite growth inhibitors was shown to be significantly increased [106] . However, the maximum distance achieved was 2.3 mm from the lesion site, which represents a small proportion of the entire length of the optic pathway. It is possible that other inhibitory molecules are present which can prevent axonal regeneration. These might include tenascin [107] , chondroitin sulphate [108] and myelin-associated glycoprotein (MAG) [109, 110] . However, whether axonal regrowth was enhanced in MAG-deficient mice or not is controversial [111, 112] . The role of MAG as an inhibitor of axonal regeneration in 6i6o might await the availability of MAG monoclonal antibody which can reverse its effect on inhibition.
Remo6al of oligodendrocytes and myelin using X-irradiation
Optic nerve of newborn rats were X-irradiated to remove the oligodendrocytes and myelin [106] . Retinal axons which were crushed at postnatal day 19 regenerated much further in the myelin-free optic nerves. The longest regenerated axons were observed to reach into the chiasma, up to the end of the X-irradiation zone, suggesting that this method can remove more inhibitory influence on axonal regrowth.
Transplantation of acti6ated macrophages to the optic ner6e
Macrophages have been shown to modify the inhibitory nature of CNS by removing myelin debris [65, 67, 68] . Schwartz and colleagues [66] hypothesized that lack of axonal regeneration in adult mammalian CNS may be related to their failure to recruit or activate macrophages which are important for axonal regeneration. By transplanting activated macrophages, which were preincubated in 6itro with sciatic nerve, into the transection site of the optic nerve, they have observed some regeneration of RGC axons. It is well known that myelin debris which is known to inhibit regeneration takes a much longer period of time to be removed following injury in the CNS than in the PNS. Thus, the increased phagocytotic activity of the transplanted macrophages may be one of the key steps in enhancing axonal regeneration in the CNS, although specific molecules produced by macrophages may also contribute directly or indirectly to axonal regeneration [63, [113] [114] [115] [116] .
Transplantation of peripheral ner6e
The ability of RGCs to regenerate long axons was shown by experiments where PN grafts were placed in contact with the retina [117, 118] or onto the optic nerve stump [119] [120] [121] [122] . The PN is a favorable environment for CNS regrowth for several reasons: (1) it does not contain the inhibitory molecules NI 35/250; (2) although it contains some MAG it does not seem to inhibit regrowth because the degenerating myelin is rapidly removed and (3) Schwann cells are known to divide [123] and form columns of cells within the basal lamina tubes (Bungner bands). Schwann cells secrete many different types of trophic factors and some may be important for axonal regeneration (NGF, [124] ; FGF, [125] ; PDGF, [126] ; CNTF, [127] ; GDNF, [128] ; BDNF, [129] ); (4) basement membranes of the Schwann cell tubes contain many adhesion molecules such as L1, J1, integrins and laminin which promote axonal outgrowth [130 -134] . It was demonstrated that axotomized RGCs can extend their regenerating neurites through the Schwann cell-containing 'bridge' in a guidance channel made up of synthetic semipermeable membrane [135] . However, PN grafts with intact basement membrane but lacking viable Schwann cells do not support axonal regeneration [136] .
Different types of RGCs have been shown to regenerate axons along a PN graft [117, 137, 138] . However, the number of regenerating axons represents only a small percentage (less than 10%) of the total population of RGCs. The explanation for this is still not clear, although the massive cell death following axotomy is a possible reason. However, it is also possible that a majority of the retinal axons fail to regenerate because of an intrinsic programmed loss of ability to regrow [8] . Axotomy is necessary for induction of regeneration into PN graft [117] . Retinal axons begin to enter the PN graft 4 days after transplantation [139, 136] and regenerating axons grow along the basement membrane of the Schwann cells [136] at a maximal rate of 1 -2 mm/day [140, 139] . Tight junctions have been observed between regenerated axons, including growth cones and Schwann cells [141] . Some of the regenerating RGCs axons are myelinated by the Schwann cells in the PN graft [142] [143] [144] .
Intracellular injection study has shown that regenerating RGCs, similar to developing RGCs, exhibit spines on their dendrites [145] . The dendrites of these cells tend to retract over time [145, 146] and MIF (macrophage inhitory factor) seems to prevent the retraction [138] . MIF is used to decrease the microglial reaction after injury and it can enhance the number of regenerating RGCs into a PN graft [71, 147] . Another way to increase the number of regenerating RGCs is to administer multiple neurotrophic factors and adhesion molecules via an intravitreal PN graft [148, 149] .
Synaptic contacts, closely resembling normal in terms of their sizes and contacts per terminal, have been observed when the regenerating retinal axons were channeled by the PN graft into the appropriate target layer of the superior colliculus [121, 150] . These synapses persist in the superior colliculus for long period of time [151] . In addition, close to normal receptive fields of the regenerating RGC axons have been recorded in the PN [152, 153] and postsynaptic potentials with normal visual fields could be recorded from neurons in the superior colliculus [154, 155] . It is interesting to note that in the cat, the number of regenerating ON-center cells dominated over those of OFF-center cells [156] .
Bridging the optic nerve with the pretectum or the superior colliculus with a PN graft resulted in preferential survival of different groups of regenerating RGCs [138] . The light-induced pupilloconstriction reflex is restored in animals with regenerating RGCs connected to the pretectum [157] . In animals with RGC axons regenerating into the superior colliculus, the return of lightdark discrimination behavior [158] and behavioral arousal [159] can be observed. These studies suggest that regenerated retinal axons connected to visual targets via a PN graft can restore some behavioral recovery but much more work along this line are needed to better understand the functional aspects of regenerated retinal axons.
It was found that a 'conditioning lesion' of the optic nerve does not induce regeneration of retinal axons along the optic nerve [160] nor does it increase the number of regenerating retinal axons into a PN graft [161] or enhance the maximal rate of axonal regeneration [139] , although it has been shown to shorten the delay time for regrowth into the PN graft [139, 162] . On the other hand, predegenerated PN graft has been shown to increase the number of regenerating RGCs in one [99] but not in other studies [138, 161] .
In order for retinal ganglion cells to regrow their damaged axons, axotomy and grafting of the PN must be performed close to 117the somata [117, 121] . Distal axotomy, such as grafting the PN to the cut optic nerve intracranially [12, 148] or to the cut optic tract [163] , resulted in very little, if any, axonal regeneration into the PN graft. The reason for this phenomenon is not clear but it could be due to the inhibitory effects of some of the non-neuronal environment in the CNS, including astrocytes [164] , oligodendrocytes and CNS myelin [7] . Thus, there are more inhibitory effects on axonal outgrowth in the longer proximal stump. Perineuronal application of trophic factors via an intravitreal PN graft can overcome this inhibitory influence to a certain extent, leading to axonal regeneration of some RGCs following a distal axotomy ( [148] and see below). The ability of the distally transected retinal axons to grow into a PN graft can still be maintained if collateral projections are present and presumably target-derived trophic factors can be transported back to the RGCs via the collaterals. Thus, when a PN segment was used to bridge the transection site at the brachium of the superior colliculus, retinal fibers can reinnervate the superior colliculus and visual evoked responses can subsequently be recorded in the superior colliculus [165, 166] .
Perineuronal application of trophic factors
Peripheral nerve has been used as a trophic source to modify the microenvironment of the RGCs since it is known that the sheath cells (Schwann cells and fibroblasts) in the PN secrete different types of trophic factors and adhesion molecules. Following transplantation of a segment of PN into the vitreous of an eye (intravitreal PN), axotomized RGCs were observed to display morphological plasticity by producing axon-like processes [100] and spine-like processes [145, 101] . Intravitreal injection of exudate collected from the transected PN induced similar axon-like processes from the axotomized RGCs, supporting the notion that the factors released from the PN are needed for the sprouting phenomenon [167] . Intravitreal PN has also been shown to enhance the expression of GAP-43 and regeneration of RGCs into a PN graft following both a proximal [149] or distal [148, 168] axotomy. Berry and colleagues [169] have recently used the intravitreal PN technique to show that damaged RGC axons can be promoted to regenerate across a crushed lesion in the optic nerve of adult rats. Taken together, these results suggest that perineuronal application of trophic factors via the intravitreal PN can enhance CNS axonal regeneration. The possible mechanisms might be due to the ability of the trophic factors to: (1) neutralize some of the growth-suppressive effects produced by the extrinsic inhibitory factors. These might include the down-regulation of receptors for the inhibitory factors located on the growth cones; and/or (2) upregulate or amplify the sensitivity of some of the growth-related receptors on the growth cone (e.g. GAP-43, [170, 171] ).
Upregulation of the expression of antiapoptotic and growth-associated genes
It has been suggested that intrinsic genetic programming plays an important role in determining the ability of retinal neurons to survive [105] and regrow in tectal tissue [8] . The proto-oncongene Bcl-2 has been identified to play a key role in these processes [172] . It was shown that overexpression of Bcl-2 protected some populations of RGCs in mice from naturallly occurring and from lesion-induced cell death [173, 105] . Furthermore, in Bcl-2 overexpressing mice, over 60% of RGCs exhibited normal visual responses as measured by electroretinogram several months after axotomy [174] .
In addition, recent evidence has shown that retinas from E14-P5 Bcl-2 transgenic mice showed extensive fiber outgrowth into the tectal tissue, whereas the ability of retinal axons to innervate cocultured E16 tectum declines drastically for retinas from wild-type animals collected after E16 [172] . Optic tract axons in hamsters transected after a critical age lose the ability to innervate the tectum [175, 166] . A similar approach is used in the Bcl-2 transgenic mice study and it was found that on postnatal day 4 retinal axons in wildtype mice fail to cross a cut made at the mid-tectal level, but many retinal axons in the Bcl-2 transgenic mice grow across the lesion site and project to the tectum caudal to the cut [172] . It was suggested that this growth-promoting activity of Bcl-2 is independent of its antiapoptotic function.
Another growth-associated gene which might be important for axonal regrowth is GAP-43 [176, 170, 171] . GAP-43 protein is not detected in adult RGCs but some of the RGCs will express the protein after axotomy and more GAP-43-positive RGCs are found if a segment of PN is grafted into the vitreous [149] . More importantly, these GAP-43-positive RGCs are shown to be able to regenerate axons into a PN attached to the stump of the transected optic nerve [177, 149] suggesting that GAP-43 is important for axonal outgrowth.
One of the immediate early genes, c-jun, is expressed in RGCs following transection of the optic nerve [75] [76] [77] and its expression may be related to regeneration of optic axons in a PN graft [76, 77] . In addition, although the expression of tubulin mRNA in RGCs is downregulated following axotomy [78] , it is greatly increased when the retinal axons are regenerating along a PN graft [78] .
Thus, it seems that the antiapoptotic and growthassociated genes such as Bcl-2 and GAP-43 are important in promoting axonal regeneration. It is possible that there are other growth-associated genes which are necessary for axonal regeneration. The future therapeutic approaches to CNS injury should focus not only on attempts to enhance neuronal survival and create a regeneration-permissive environment, but also on ways to upregulate the expression of these growth-associated genes.
